The corticosterone response to capture and handling was measured in free-living red-eared slider turtles, Trachemys scripta elegans. To determine the ability of this species to exhibit this endocrine response, slider turtles were bled at the time of removal from hoop nets and again at 30 and 60 min following capture to create plasma profiles of acute corticosterone secretion from individuals. Plasma corticosterone concentration increased significantly with handling time. The greatest rise in corticosterone was within the first 30 min following capture and handling, with this rate of increase declining over the next 30 min of restraint. There was no correlation between corticosterone levels at the time of capture and the length of time it took to get the sample if the sample was taken within the first 10 min after capture. However, when these samples were included with those taken from other turtles sampled 11 to 25 min after capture, hormone levels were significantly correlated with handling time. This suggests that the critical time to obtain an initial sample that best represents the predisturbance level in slider turtles is within 10 min. There was no correlation between the turtles' energetic condition and initial corticosterone concentrations.
Reptiles, like many other vertebrates, show increased levels of corticosterone in response to a variety of acute and chronic stressors (Sandor, 1972; Guillette et al., 1995) . Corticosterone, the major glucocorticoid in reptiles, is secreted from adrenocortical tissue. This process is under the control of adrenocorticotropin released by the anterior pituitary, which is under the ultimate control of the hypothalamus through the release of corticotropin-releasing hormone (Sandor, 1972; Guillette et al., 1995) . Repeated sampling of individuals at prescribed intervals after capture often results in a significant increase in plasma corticosterone concentration (see Gist and Kaplan, 1976; Moore et al., 1991; Gregory et al., 1996) . This increase in glucocorticoid secretion can promote gluconeogenesis, resulting in the production of glucose substrates from noncarbohydrate sources that may be needed during periods of higher energy demand (Harvey et al., 1984) . The rate of increase in plasma hormone concentration during handling is considered an indication of the sensitivity of the hypothalamic-hypophyseal-adrenal (HHA) axis and can be used to measure an individual's endocrine sensitivity to stress.
The corticosterone secretion profile associated with acute stress is generally characterized in many verte-brates by low initial plasma concentrations of corticosterone followed by increasing levels with subsequent blood sampling at prescribed intervals until the increase asymptotes or declines at a given time after the initial blood sample (Gist and Kaplan, 1976; Wingfield et al., 1992) . Basal corticosterone levels and the subsequent profile of acute corticosterone secretion can change in response to a change in energy demand. Wingfield et al. (1983) found that, in free-living sparrows, basal plasma corticosterone levels increased significantly during storms when foraging for food may have been difficult. Seasonal changes in the shape of the corticosterone stress profile have also been observed during periods of increased energy demand in migratory birds (Holberton et al., 1996) . These changes are associated with lipogenic-dependent longdistance movements (Holberton et al., 1996) and are a naturally occurring part of the annual cycle in migratory birds (Holberton, submitted for publication).
The reptilian response to stress has been shown to be similar to the general pattern found in many other vertebrates (see Guillette et al., 1995) . However, data concerning the specific characterization of corticosterone secretion in reptiles are available for only a few species, and fewer still have measured profiles of corticosterone in response to capture and handling stress (see Callard, 1975; Gist and Kaplan, 1976; Lance and Lauren, 1984; Moore et al., 1991; Dunlap and Wingfield, 1995; Knapp and Moore, 1995; Gregory et al., 1996) . Lance and Lauren (1984) found that American alligators (Alligator mississippiensis) exhibit daily peaks of corticosterone at dawn and dusk that may be correlated with the patterns of activity observed in this species. Basal corticosterone levels may change throughout the seasons or as a function of social interaction. Glucocorticoid secretion was found to increase in male blue spiny lizards, Sceloporus cyanogenys, at the onset of the breeding season (Daugherty and Callard, 1972) and more specifically with the onset of ovulation in captive female red-sided garter snakes, Thamnophis sirtalis parietalis (Whittier et al., 1987) . Dominance status influenced corticosterone secretion in male tree lizards, Urosaurus ornatus (Knapp and Moore, 1995) .
A few studies have shown that, in addition to changes in basal corticosterone levels, profiles of acute hormone secretion in response to capture and handling appear to vary with season and/or energetic condition in reptiles. Western fence lizards, Sceloporus occidentalis, in poorer condition showed greater endocrine responses to handling stress (Dunlap and Wingfield, 1995) . Loggerhead sea turtles, Caretta caretta, exhibited significant differences in the stress response associated with season and size class (Gregory et al., 1996) . Little is known about seasonal and aseasonal changes in patterns of corticosterone secretion related to changes in energetic demand, reproductive state, or activity and dispersal in freshwater turtles. Slider turtles in particular may provide an excellent model for behavioral ecologists because of their propensity to inhabit potentially stochastic freshwater habitats, which may result in seasonal and aseasonal changes in energy demand and thus glucocorticoid secretion.
The life history, basic physiology, and habitat requirements of the freshwater slider turtle, Trachemys scripta, a species with a wide ranging geographic distribution, have been intensely studied (Cagle, 1944 (Cagle, , 1950 Gibbons, 1990; Ernst et al., 1994) . The focus of this study is the subspecies found in Mississippi, the red-eared slider, T. scripta elegans (Ernst et al., 1994) . Slider turtles are usually found in lentic systems with soft bottom sediments and an abundance of aquatic vegetation (Mount, 1975) . However, these generalists are found in almost any aquatic habitat, including streams, rivers, farm ponds, and temporary wetlands (Gibbons, 1990) . Southern ranging populations of slider turtles can be active throughout the year depending on habitat and climate (Ernst et al., 1994) . Again, these characteristics make this ubiquitous animal an excellent model for investigating the ecological and physiological aspects of movement patterns and constraints on reproduction that may be affected by changes in habitat quality (Moll and Moll, 1990; Crews and Gans, 1992) . However, there are no data available on corticosterone secretion in this species. Therefore, the objectives of this study were twofold. First, we wished to determine if free-living slider turtles exhibit a corticosterone stress response to acute stress as reported in other vertebrate species. Second, since higher levels of corticosterone may be needed during periods of higher energy demand, we looked for a negative correlation between basal corticosterone and an index of energetic condition.
METHODS
Profiles of acute corticosterone secretion in response to capture and handling stress were measured in free-living, oxbow lake populations of the slider turtle located in the Delta region of Mississippi (Leflore and Sunflower counties) from 2 May to 31 August 1996. Turtles were captured with baited hoop nets (90 cm diameter ϫ 180 cm total length) set between the hours of 1000 and 1700 CST and recovered the following day between 0800 and 1700 CST. Thus, each turtle spent at least 15 h and no more than 31 h in the net before being retrieved. Each net was approached slowly by boat or accessed from shore. When each trap location was reached, the net was pulled into the boat or to the shore as quickly as possible (usually within 10 to 30 s). Turtles were bled in the boat or on shore. The time the net was first touched was recorded and is referred to as time 0, the time at which the turtles were first disturbed. The initial sample is the best approximation of the predisturbance basal hormone level. Turtles were taken from the net and placed in individual 19-liter buckets for holding while each stress series of repeated sampling was completed.
Blood was collected via venupuncture of the forelimb using 23-or 26-gauge needles, depending on the turtle's size. A 100-to 150-µl blood sample was collected in heparinized microcapillary tubes at each sampling time and placed immediately on ice. To produce a corticosterone stress profile for each individual, turtles were bled initially at the time of capture and at 30 and 60 min later. We allowed up to 10 min after capture to collect the initial blood sample used to create the profiles and this sample is referred to as ''time 0'' in all statistical analyses and figures for 13 animals. However, we collected initial bleeds for 13 additional turtles from 11 to 25 min after capture to look for the critical time when corticosterone first significantly rises in the bloodstream in this species. After each stress series was completed, each turtle was sexed using morphological characteristics (Ernst et al., 1994) , weighed (Ϯ0.1 g), and measured for total carapace length (Ϯ0.1 cm). Blood samples were centrifuged within 3 to 7 h after collection at 6000 rpm for 10 min. Plasma was then removed from each microcapillary tube using a 50-µl Hamilton syringe and frozen (Ϫ5°) until assayed for corticosterone concentration by radioimmunoassay at the University of Mississippi following the procedures described in Wingfield et al. (1992) .
To test if hormone concentration changed in response to handling time, we used a single-factor ANOVA with the repeated sampling of 13 individuals as the repeated measures component. Data for this analysis were log 10 transformed to correct for heteroscedascity among the means and variances. To determine if there was a correlation between the length of time to first sample and its corresponding plasma corticosterone concentration (n ϭ 26), we used a simple linear regression model.
To investigate the relationship between corticosterone and energy reserves, we used an index of relative energetic condition based on the residual values from a simple linear regression model of total body length (carapace length) and the cube root of body mass to control for differences in body size (cf. Bradshaw, 1986) . We then used these residuals to determine if basal corticosterone levels, taken within 10 min or less, were negatively correlated with energetic condition.
RESULTS
There was no difference between the sexes in their plasma corticosterone levels at any sampling time; therefore the sexes are pooled throughout the analyses (F 1,12 ϭ 0.552, P ϭ 0.4732). There was a significant effect of handling time after capture on circulating plasma corticosterone for the 13 turtles with complete stress profiles (F 2,24 ϭ 23.12, P ϭ 0.0001; Fig. 1 ). On average, the turtles showed a 450 Ϯ 1.8% SE increase over the first 30 min after capture followed by a 64 Ϯ 0.2% increase between 30 and 60 min. The additional 120-min samples (not included in the statistical analyses but shown in Fig. 1 ) from 4 of the 13 turtles suggest that the rate of corticosterone secretion was declining (27 Ϯ 0.1% decrease). There was a significant effect of time after capture on initial corticosterone level for the combined group of 26 turtles (13 with complete stress profiles initially sampled within 10 min and 13 additional turtles sampled 11-25 min after capture, r 2 ϭ 0.504, df ϭ 1, 14, P ϭ 0.0001; Fig. 2 ). However, for the initial samples taken within 10 min and considered basal according to our protocol, there was no signifi-cant effect of time after capture on initial corticosterone concentration (r 2 ϭ 0.069, df ϭ 1, 14, P ϭ 0.3271; Fig. 3 ). This analysis included the 13 turtles with complete stress series beginning within 10 min after capture and 3 additional turtles from which only initial samples (taken Յ 10 min) were obtained.
There was no significant correlation between our index of relative energetic condition of turtles and initial plasma corticosterone concentration from individuals sampled in 10 min or less (r 2 ϭ 0.013, df ϭ 1, 14, P ϭ 0.6747; Fig. 4 ). There was also no relationship between the initial plasma corticosterone concentration and the time of day when the samples were obtained (r 2 ϭ 0.054, df ϭ 1, 14, P ϭ 0.3863).
DISCUSSION
Our results show that slider turtles exhibit a significant corticosterone response to acute handling stress that is similar in profile to those reported in other vertebrates (reptiles: Gist and Kaplan, 1976; Manzo et al., 1994; Dunlap and Wingfield, 1995; Gregory et al., 1996; birds: Wingfield et al., 1992; Smith et al., 1994; Wingfield, 1994; Wingfield et al., 1995; Holberton et al., 1996; Dufty and Belthoff, 1997; amphibians: Coddington and Cree, 1995) . The range of values from our sampling paradigm is comparable to those reported for other reptilian species (Lance and Lauren, 1984; Elsey et al., 1990; Dunlap, 1995; Dunlap and Wingfield, 1995; Gregory et al., 1996) . The initial hormone concentrations within 10 min of capture for these free-living slider turtles are comparable to values recorded for free-living loggerhead sea turtles and captive American alligators sampled at the same time of year (Lance and Lauren, 1984; Gregory et al., 1996) .
Although the sliders showed a significant increase in corticosterone within 30 min of capture, the increase does not seem to be apparent within the first 10 min. This is in contrast to the study by Moore et al. (1991) in which tree lizards, Urosaurus ornatus, showed sharp rises in corticosterone within 10 min following capture and handling. Unfortunately, in the few other reptile studies in which corticosterone profiles have been 
FIG. 2.
Initial plasma corticosterone levels (ng/ml) as a function of handling time for 26 red-eared slider turtles sampled up to 25 min after removal from the net. measured, subsequent samples taken after the initial bleedings were usually obtained an hour or more later, making the actual onset of the increase unknown (Lance and Lauren, 1984; Gregory et al., 1996) . Therefore the general pattern of corticosterone secretion and its possible change throughout the annual cycle remains unknown for reptiles and other vertebrates in general. If changes in these patterns are related to changes in energy demand, habitat quality, and subsequent foraging or dispersal movement (Astheimer et al., 1992; Wingfield et al., 1992; Holberton et al., 1996) , the results from this study provide the foundation for investigating such changes in a species in which these factors may be important throughout its life history.
An important unknown in our study was the effect of trapping on hormone levels. The actual time that turtles spent in the nets before being sampled is unknown. If the animals responded to the initial capture in the net before we removed them, the potential effect of this on subsequent hormone levels was not apparent, as all of the initial levels were relatively low at the time of removal and were still followed by a significant increase in corticosterone. This suggests that the initial levels were basal, indeed, and that the HHA axis had not been recently stimulated. There are two possible explanations for this. First, any acute response to capture in the net that may have occurred had subsided by the time the nets were checked. Alternatively, the relatively short time that turtles spent in the nets in this study (and for up to 2 days in another study; Licht et al., 1985) may not be perceived as stressful to turtles. It appears that in this study a variety of stressors, including physical restraint, pain of venupuncture, blood loss, and sight of humans, singly or in concert, may have elicited the stress response. Our data and those of Licht et al. (1985) suggest that trapping per se is not an acutely stressful event. However, if net size relative to body size influences immediate capture stress, as larger turtles may become aware of restraint more quickly as they move about the net, then it would be sensible to account for this in designing experiments or considering the welfare of the animal.
In studies on other species in which changes in
FIG. 3.
Initial plasma corticosterone levels (ng/ml) as a function of handling time for 16 red-eared slider turtles sampled within 10 min of removal from hoop nets. There was no significant correlation for these turtles sampled within 10 min after initial disturbance.
FIG. 4.
The relationship between relative energetic condition (residual values of the regression of the carapace length and the cube root of body mass) of turtles and their initial corticosterone concentration (ng/ml).
corticosterone secretion have been noted, these changes have been closely linked with changes in energetic demand or energy reserves (Wingfield et al., 1983; Elsey et al., 1990; Astheimer et al., 1992; Holberton et al., 1996) . However, we did not find a significant correlation between our index of relative energetic condition and basal corticosterone at this time of year nor any difference between the sexes with respect to corticosterone levels at any bleed time. Concurrently, we found no correlation between basal corticosterone and the time of day the sample was obtained. Although our turtles showed little variation in energetic condition and corticosterone values during our sampling period, which may have included various stages of reproduction, we feel that it would be beneficial to look for changes in corticosterone secretion associated with energetic condition and reproductive state, as our sample size may have been too small to reveal distinct patterns.
Little information exists about the behavioral correlates of corticosterone in reptiles in general and turtles in particular. In birds, perhaps the most studied nondomesticated group with respect to the biology of stress, this corticosterone response may help an individual meet an increase in energy demand during periods of decreased food availability or a decline in foraging opportunities such as that encountered during high predation risk or severe storms (Wingfield, 1994) . The behavioral effects of artificially elevated corticosterone in birds include hyperphagia and an increase in captive locomotor activity, the latter interpreted as an increase in food searching behavior to meet an increase in energy demand (Wingfield and Silverin, 1986; Berdanier, 1989; Gray et al., 1990; Astheimer et al., 1992) . High corticosterone levels have been found to be potentially incompatible with some aspects of breeding in several taxa but several studies have now shown that the stress response can be suppressed at particular times of the year (reptiles: Greenberg and Wingfield, 1987; Mahmoud et al., 1989; Elsey et al., 1990; Moore et al., 1991; amphibians: Paolucci et al., 1990; birds: Wingfield, 1994; Wingfield et al., 1995; Holberton and Wingfield, submitted for publication; mammals: Handa et al., 1994) . While the role of corticosterone in the behavior and physiology associated with annual cycle events in freshwater turtles is relatively unknown, recent studies in this laboratory have shown that chronic high levels of exogenous corticosterone stimulate locomotor activity which may be interpreted as food searching or dispersal behavior in the slider turtle (Cash, manuscript in preparation). Future studies in this laboratory will focus on the endocrine basis of changes in energetic condition and the effects of these changes on reproduction and movement as a result of habitat quality in slider turtles.
